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The biochemical and genetic features of Poinsettia latent virus (PnLV, formerly named Poinsettia cryptic virus), which is spread
worldwide in commercial cultivars of Euphorbia pulcherrima without inducing symptoms, have been determined using virus-purification,
immunological techniques, electron microscopy, cloning, and sequencing. PnLV was found to be a chimeric virus with one 4652 bases, plus
strand RNA showing a close relationship to poleroviruses within the first three quarters of its genome but to sobemoviruses in the last quarter.
Thus, we propose to classify this virus as ‘‘polemovirus’’. Similarities of protein and nucleic acid sequences at the 5V and extreme 3V end of its
RNA suggest a replication mode like that of poleroviruses, whereas the coat protein sequence is closely related to that of sobemoviruses.
Consistent with these results, PnLV forms stable icosahedra of 34 nm in diameter. The consequences for the taxonomy of PnLV and for
gardeners’ practice are discussed.
D 2005 Elsevier Inc. All rights reserved.Keywords: Virus; Taxonomy; Cloning; RecombinationIntroduction
At Christmas time, poinsettia (Euphorbia pulcherrima)
is sold worldwide as a popular ornamental plant. Commer-
cially available cultivars are regularly infected with at least
three agents, (a) a beneficial phytoplasma which induces a
bushy growth habit, also known as free-branching (Bradel et
al., 2000a; Lee et al., 1997), (b) a mild pathogen, Poinsettia
mosaic virus (PnMV), originally classified as tymovirus
(Fulton and Fulton, 1980; Lesemann et al., 1983) but later
found to be more closely related to marafiviruses (Bradel et
al., 2000b), and (c) a latent virus, called Poinsettia latent
virus (PnLV), which has no influence on plant phenotype
detected so far. In former times, PnLV had been named
Poinsettia cryptic virus (PoiCV) (Koenig and Lesemann,
1980) before the term ‘‘cryptic virus’’ was coined for a
genus name (R. Koenig, personal communication). Never-
theless, this virus is still listed within the genus Alphacryp-
tovirus in the report of the International Committee on the0042-6822/$ - see front matter D 2005 Elsevier Inc. All rights reserved.
doi:10.1016/j.virol.2005.03.020
* Corresponding author. Fax: +49 711 6855096.
E-mail address: holger.jeske@bio.uni-stuttgart.de (H. Jeske).Taxonomy of Viruses (ICTV) (Ghabrial et al., 2000).
Whereas phytoplasma, PnMV, and PnLV regularly occur
in commercial poinsettia plants worldwide, there are
sporadic cases of a further infection with geminiviruses
(Ma et al., 2004; Tsai et al., 1997) which were absent in our
plants (unpublished data).
In spite of intense efforts to eliminate viruses from
commercially bred poinsettia using tissue culture techniques
and heat therapy (Pfannenstiel et al., 1982; Preil et al.,
1982), the incidence of PnMV and PnLV is still widespread.
One reason is caused by gardeners’ demands for bushy
plants, a phenotype caused by a phytoplasma which in case
of virus elimination via shoot tip cultivation is removed
along with the virus. Consequently, in poinsettia production,
vegetative propagation and grafting are frequently applied
techniques which disseminate viruses. An alternative
strategy has been described by Lee et al. (1997) who
transferred phytoplasma to alternative hosts and back to
virus-free poinsettia via Cuscuta. This technique, however,
is tedious and not readily reproducible (unpublished data).
To solve the dilemma, we begun to characterize
poinsettia viruses with molecular genetic means (Bradel et05) 240 – 250
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PnLV. The results should help to design gene technology
procedures suitable for elimination of the viruses (Jeske,
2002).
Here, we report on the biochemical and genetic features
of PnLV and show that it is a hybrid virus, with a head of a
polerovirus and a tail of a sobemovirus. Whereas pole-
roviruses are members of the family Luteoviridae (D’Arcy
et al., 2000), the genus Sobemovirus is unassigned to a
family (Hull et al., 2000). The recombinant PnLV con-
sequently crosses family borders and we like to call it a
polemovirus, an acronym for polero- and sobemoviruses.Results
Virions were purified from commercial poinsettia cv.
FAngelika_ (line R14) plants by differential and sucrose
gradient centrifugation. The resulting fractions were further
analysed by agarose or SDS polyacrylamide gel electro-
phoresis for nucleic acids or proteins, respectively (Figs. 1a,
b). Two viruses co-fractionated (PnMV, PnLV) as indicated
by their genomic RNA (Fig. 1a) and coat protein (Fig. 1b), as
identified by Northern (Bradel et al., 2000b, and Fig. 4b) and
Western blotting (Fig. 2b). A band x (Fig. 1a) may harbor
different molecules, at least some subgenomic RNA of PnLV,
as shown below. Consistent with the gel analysis, two
isometric particles with slightly different diameters were
present (Fig. 1c). PnMV-specific immunodecoration did not
label the larger type of particle (PnLV, Fig. 1d). To ensure that
the viruses dealt with were identical to those described by
Koenig and Lesemann (1980), we used the sera generated by
R. Koenig in Western blots (Fig. 2b). The results confirmed
that the more slowly migrating bands with a calculated
molecular weight of 33 kDa were probably the same as
observed previously and attributed to PoiCV at that time.
PnLV not only appeared in R14 but also in lines P5 and
P6, which had originally been tested virus-free using
enzyme-linked immunosorbent assays (ELISA). In 1996,
P6 plants were already tested positive for both viruses, if
virion purification followed by Western blotting was
applied, showing this technique to be superior to ELISA.
However, P5 plants remained virus-free, even if purifica-
tion-based diagnostics were applied. Nevertheless, during
the course of 8 years, both viruses re-appeared in P5 plants
although extreme care had been taken in order to prevent
contamination with vectors and viruses (Fig. 2). Either the
viruses were unequally disseminated within a plant during
the former testing and thereby escaped detection, or an
unidentified route of infection has occurred. In spite of these
circumstances, it was possible to select P5 plants which
contained only PnLV using periodical Western blotting and
later RT-PCR diagnostics, a prerequisite for the successful
cloning of PnLV RNA (see below).
PnLV virions were purified from such PnMV-free P5
plants. Their diameter was determined with reference tocatalase crystal spacings (Fig. 1e) to be 34 nm. The size
shoulder at smaller values is attributed to the two different
possible views at different axes. No other viral particles
were detectable in those plants.
As a first step on the way to clone the PnLV genome, its
coat protein was purified from particle preparations from
R14 plants using SDS PAGE (data not shown). Attempts to
sequence the protein directly failed and hint at a blocked N-
terminus. Consequently, isolated protein was digested by
trypsin, fragments were purified using chromatography, and
one fragment was chosen to give peptide sequence informa-
tion. Its amino acid sequence (VVTAPVSSAALIR) fitted to
only one corresponding hit in the data bases, namely Maize
necrotic streak virus (MNeSV) coat protein, a Tombusvirus
(Louie et al., 2000). A degenerate primer was deduced from
the peptide sequence and used in RT-PCR yielding the first
internal RNA sequence of PnLV. Therefrom, derived new
virus-specific primers were combined with arbitrarily chosen
primers in RT-PCR according to Koenig et al. (2004),
whereby most of the RNA sequence was determined. The 5V
and 3V ends of viral RNA were cloned using directed RT-
PCR, either taking advantage of the similarity of subgenomic
and genomic RNA 5V ends, or by polyadenylation of 3V
sequences with subsequent oligo dT-based amplification,
respectively. Nine independent clones were sequenced, eight
of which yielded the same 3V terminal nucleotides GUGU
and one clone a premature end upstream of this sequence.
These results showed that the true end and not an arbitrary
breakage product had been elongated by polyadenylation.
The resulting genome organization is shown in Fig. 3
together with those of the most closely related viruses with
respect to different portions of the genome. The distribution
of open reading frames (ORFs) suggests a hybrid origin of
PnLV. Whereas the 5V three quarters of RNA resemble the
organization of poleroviruses (exemplified by BMYV) with
ORF1, ORF2, ORF3, the 3V ORF4 is more similar to
sobemoviruses (exemplified by SeMV). Data base searches
have supported this first impression in that the best hits for
amino acid sequence similarities were Sugarcane yellow
leaf virus (SYLV; gi 42734681) ORF1 with score 38 and E
value 0.019, Potato leafroll virus (PLRV; gi 18656755)
ORF2 with score 243 and E value 8e64, Beet mild
yellowing virus (BMYV; gi 2147544) ORF3 with score
607 and E value e173, all of them three poleroviruses, in
contrast to Sesbania mosaic virus (SeMV; gi 10645645)
ORF4 with score 129 and E value 1e29, classified as
sobemovirus. After a series of other sobemoviruses,
Tobacco necrosis virus (TNV D; gi 116820) is the first in
the Tombusviridae family with highest similarity for ORF4
with score 107 and E value e22. The untranslated regions
did not reveal any significant similarity in the data base.
To check whether the complete 5V end of PnLV RNA has
been cloned and sequenced, fluorescently labeled primers
were used in a reverse sequencing reaction using viral RNA
in comparison to a DNA sequencing reaction for the
corresponding plasmid (Fig. 4a). The length and the
Fig. 1. Purification and characterization of viruses from commercial poinsettia cv. FAngelika_ R14 plants. (a, b) After differential centrifugation, samples were
separated on a sucrose-gradient with increasing density from left to right (arrow). The resulting fractions were analysed either on a non-denaturing 1% agarose
gel stained for nucleic acids with ethidium bromide (a) or a 12% SDS polyacrylamide gel stained for proteins with Serva-violet (b). Virus-containing fractions
were pooled, dialyzed and negatively stained with uranyl acetate for electron microscopy (c). Bands or particles specific for Poinsettia mosaic virus (PnMV) or
Poinsettia latent virus (PnLV) are indicated, x points at bands still unidentified, perhaps representing subgenomic or defective RNA. Markers: (a) HindIII/
EcoRI-digested k DNA, (b) Pharmacia low molecular weight calibration proteins, sizes indicated in kDa. (d) Identification of two different viruses by
decoration with anti-PnMV antiserum. Bars in (c, d) represent 100 nm. (e) Evaluation of the diameter of n = 86 PnLV particles purified from P5 plants with
reference to catalase lattice.
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sequence obtained by PCR-based cloning.
To confirm that the hybrid genome was not produced by
PCR artifacts, Northern blot hybridization was applied with
a probe specific for the coat protein-coding region. As
expected, this probe did not only detect the putativesubgenomic RNA (1.07 kb), but also the genomic RNA
(4.65 kb) of PnLV (Fig. 4b). A faint band corresponding to
2.60 kb may indicate an additional putative subgenomic
RNA because this size fits well to the RNA length between
a signature sequence (ACAAAAG; Fig. 3, sgP1), which is
typical for the start of subgenomic and genomic RNAs in
Fig. 2. Silver-stained 12% PAGE (a), and parallel Western blots (b) using anti-PnMV (left) or anti-PnLV (right) antiserum. Samples from test plants R14 or P5
were taken at two dates (October 2001: 10/01 or January 2002: 01/02). M: protein marker as in Fig. 1.
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Further analysis, however, has to show whether this second
putative subgenomic RNA serves as messenger RNA or
whether it represents defective RNA. If it were an mRNA,
the 5V end would be located downstream of the first AUG of
ORF3 (Fig. 3), and the next in-frame canonical translation
start codons are far away downstream (nt. pos. 2751;
indicated by white lines within ORF3 in Fig. 3).
More probably, ORF3 is expressed from genomic RNA
in a fusion with ORF2 like it is common among pole-
roviruses (Mayo and Ziegler-Graff, 1996). A possible 1
frameshift is supported by a slippery sequence signature
found within the overlap of ORF2 and ORF3 (Fig. 4c) as it
has been analyzed for other poleroviruses (Garcia et al.,
1993; Kim et al., 1999, 2000; Mayo and Ziegler-Graff,
1996).ig. 3. Genomic map of PnLV in comparison to that of a sobemovirus (SeMV) and a polerovirus (BMYV). RNAs are represented by thin arrows with filled
ircles at the 5V ends and tips at the 3V ends where total nucleotide numbers are indicated. Open reading frames (ORFs) are numbered consecutively for each
irus (broad arrows), white lines within ORF3 of PnLV indicate internal AUG codons, white boxes at the N-terminus of ORF3 for PnLV and BMYV indicate
top-less regions in frame before the first AUG codon. Similar shading of ORF arrows indicates preferential relationships. Putative subgenomic RNA 5V end
equences (ACAAAAG; sgP1 and sgP2) and a putative frame shift site (fs) that would fuse ORF2 and ORF3 are indicated.F
c
v
s
sThe coat protein is probably expressed from subgenomic
RNA 2 because the size of its RNA in Northern blots (Fig.
4b, sg2) fits well to the expected size between the mRNA
start signature (ACAAAAG) and the 3V end of viral RNA
including ORF 4 completely.
Based on its RNA similarities and resemblance of protein
functions with other viruses, it seems probable that PnLV
has received its replication function (ORF2/3) from a
polero-, but its coat protein from a sobemovirus ancestor.
A cell–cell transport promoting gene cannot be assigned so
far, leaving it an open question how PnLV is spread
throughout the plant.
Consistent with a polero-like mode of replication, the last
few nucleotides at the 5V and the 3V end match well with
those of polerovirus RNA (Fig. 5a). The sequence sim-
ilarities within the non-translated regions of these RNAs,
Fig. 4. Viral RNA analysis. (a) Direct RNA sequencing (RNA) using reverse transcriptase along with the DNA sequencing products (DNA) of the
corresponding plasmid DNA, which carries the cloned 5V end of PnLV cDNA, confirming the presence of the sequence ACAAAAGAAAG at the 5V end of
viral RNA. (b) Northern blot analysis of total nucleic acids of plants P5 or R14 in comparison with RNA from purified PnL virions (V) hybridized against a
probe specific for the coat protein-coding region (nts. 3581–3950, left or nts. 3784–4270, right). The calculated values of 4.65 kb, 2.60 kb, and 1.07 kb for the
detected RNAs fit well to the expected values of 4.652 kb for genomic viral RNA, putative subgenomic RNA 1 of 2.607 kb, and putative subgenomic RNA 2
of 1.103 kb. Marker M contains DIG-labeled RNA fragments. (c) Possible frameshift site within the overlap of ORF2 and preORF3, which might induce a 1
frameshift during translation. Slippery heptanucleotide (Slp) as well as first stem (S1), second stem (S2), first loop (L1) and second loop (L2) of the putative
pseudoknot are indicated in analogy to similar structures of BWYV and PLRV (Kim et al., 1999, 2000).
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The 3V RNA ends of the most closely related viruses were
analyzed with RNA folding algorithms (Zuker, 2003) and
all revealed the potential to form extensive and stable
secondary structures, but none showed such a similarity to
that of PnLV (Fig. 5b) to allow for any further conclusionFig. 5. (a) Aligned 5V and 3V ends of the related viral RNAs. Nucleotides which are
replication in polerovirus RNAs are doubly underlined. (b) Calculated secondary st
RNA mfold version 2.3).about structural resemblance. Interestingly, the 3V end of
PnLV RNA may form a very stable hairpin embedding the
last nucleotides (GUGU) within the stem (Fig. 5b), as it has
been observed for the 3V terminal sequence (ACCC) of
tombusviruses and Barley yellow dwarf luteovirus (BYDV)
(Koev et al., 2002). The structure in Fig. 5b was calculatedidentical to those of PnLVare highlighted. Sequences conserved in origins o
ructure of the last 100 nucleotides of PnLV (DG = 39.4 kcal/mol at 20 -C
f
;
Fig. 6. Phylogenetic analysis of PnLV with reference to the closest relatives of the genera Polerovirus (BMYV), Sobemovirus (SeMV), and Necrovirus (TNV)
using software TOPALi (Milne et al., 2004), following multiple alignment of the nucleic acid sequences using ClustalX (1.83) (Chenna et al., 2003). (a) Graphic
representation of the gross genetic mosaic structure obtained with divergence threshold of 0.145. After visual inspection of the phylogenetic trees along the aligned
sequences, partitions with changing trees were chosen for nts. 1–430, 431–660, 661–2560, 2561–3030, 3031–3600, 3601–4611, and 4611–4741 (vertical
lines in PnLV) and analysed separately. (b) Hidden Markov Model calculation along the nucleotide positions of the aligned sequences showing the local
probabilities of tree topologies as indicated for (1) PnLV, (2) BMYV, (3) SeMV, and (4) TNV (threshold 0.79; draw increment 55). (c) Bootstrap analysis (100
iterations) for the three mosaic portions (nts. 1–600, left), (nts. 601–3600, middle), (nts. 3601–4610, right) with reference bars corresponding to 0.1 expected
substitutions per site.
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viral RNA, but even at 37 -C the same main stem loop in
Fig. 5b was obtained, whereas the small 5V stem loop was
altered.Discussion
A stable secondary structure at the 3V end of PnLV
RNA, which buries the last nucleotide (U), may explain
why initial trials to clone the 3V end had failed. Firstly,
uridine is a poor substrate for RNA ligase-mediated
cloning systems (England and Uhlenbeck, 1978), secondly,
the last U may be less accessible for polyadenylation, and
thirdly, the stem loop structure may hinder the progress of
reverse transcription at lower temperature. Success was
obtained only with relatively high concentrations of viral
template RNA (2Ag) and with a reverse transcriptase
working at 50 -C (superscript II).
On the basis of the data obtained so far, a simple
phylogenetic tree is obviously not adequate to represent the
evolution of PnLV. Instead, several phylogenetic trees may
be derived which are dependent on the inspected sequence
portion. Consequently, the mosaic structure of the genomewas scrutinized using hidden Markov models and Monte
Carlo simulation as implemented in the software package
TOPALi (Husmeier and McGuire, 2003; Milne et al., 2004)
(Fig. 6). The viruses with closest partial similarities out of
genus Polerovirus (BMYV), Sobemovirus (SeMV), and
Necrovirus (TNVD) were chosen and compared to PnLV.
The three possible tree topologies (Fig. 6c) were found with
different probabilities along the PnLV sequence (Fig. 6b).
Probability values above the threshold for significant
differences between tree topologies accumulated for the
closer relationship of the replication-associated genes to that
of poleroviruses (Fig. 6b, topo 1) between nts. 2500 and
3500, in contrast to the closer relationship of the coat protein
genes to that of sobemoviruses (Fig. 6b, topo 2) between
nts. 3500 and 4500. The complex probability signals in Fig.
6b may, moreover, reflect a more complex recombination
history of PnLV than seen at the first view (Fig. 6a) which
may be figured out with increasing sequence information of
further related viruses in the future. Especially, the similarity
of the 5V end to TNV (Fig. 6b, topo 3) awaits further
scrutiny.
Whereas recombination among animal viruses has
been investigated for a long time, its role for evolution
and epidemics of plant viruses has raised greater attention
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accumulating numbers of sequences in the databases, at
least some plant virus taxa reveal genomic mosaic
structures which indicate frequent recombination during
evolution, like the DNA-containing geminiviruses (Padi-
dam et al., 1999) and the RNA-containing luteoviruses and
closely related genera (Tombusvirus, Sobemovirus) (Gibbs
and Cooper, 1995; Mayo and Jolly, 1991; Mayo and
Ziegler-Graff, 1996; Miller and Rasochova, 1997; Moonan
and Mirkov, 2002; Moonan et al., 2000). In the case of
geminiviruses, recombination seems to be even a regular
prerequisite for efficient replication and repair (Jeske et al.,
2001; Preiss and Jeske, 2003). For RNA viruses, recombi-
nation is still believed to be a rare accident of replication,
produced by either cleavage and ligation or by template
switch of RNA-dependent RNA polymerase (RdRp) (Cheng
and Nagy, 2003).
The current paradigm of evolution is the phylogenetic
tree which determines classification schemes and system-
atics for viruses. At least for some outer branches of such
trees, however, a network paradigm is more appropriate to
analyze and classify viruses (Holmes et al., 1999; Huson,
1998). In a well-elaborated example, Miller et al. (2002)
have pointed at the questionable classification of Barley
yellow dwarf virus (BYDV) within the family Luteoviridae
because of its relationships to tombusviruses. The tree
paradigm reaches its natural limit when recombination has
to be considered a major evolutionary driving force in a
gene pool of related viruses. A network paradigm is then
more appropriate and should be reflected in taxonomy.
Following these ideas, we like to create a new genus
‘‘Polemovirus’’ for PnLV, thereby emphasizing its relation-
ship to two putative parents, a polerovirus and a sobemo-
virus. A precedent for such a procedure has been approved
by ICTV when the genus Curtovirus in the family
Geminiviridae (Fauquet et al., 2003), comprising viruses
with an obvious ancient recombination of mastre- and
begomoviruses, as deciphered by Stanley et al. (1986), was
established.
In the case of PnLV, its gene functions may be deduced
from similarities to other viruses which have been analysed in
closer detail before. ORF1 is less conserved among the
related viruses and encodes for a gene involved in post-
transcriptional silencing and symptom expression (Pfeffer et
al., 2002; Sadowy et al., 2001; van der Wilk et al., 1997a).
The ORF2 gene product contains motifs of a helicase, the
sequence for a viral protein that is covalently linked to
genomic RNA (VPg) in poleroviruses (van der Wilk et al.,
1997b), including the classical cleavage signature (NV-
E|TTNVRGNLYNDED-CV) of VPg, as well as a putative
protease domain downstream of it (Li et al., 2000). ORF3 is
expressed via 1 frameshift in Potato leafroll virus (PLRV)
(Pru¨fer et al., 1992) and codes for an RNA-dependent RNA
polymerase (RdRp). A secondary structure suitable to induce
frameshifting is present within the PnLV sequence at a similar
location, too (Fig. 4c).The coat protein function of PnLV ORF4 is supported by
the perfect match of the peptide sequence determined from
purified virions with the translated ORF4 RNA sequence as
well as by identical sizes of the coat proteins as determined
from SDS PAGE (33 kDa) and from translating ORF4 (307
aa; 33.3 kDa). This protein size ranges within that of
sobemoviruses with 30–38 kDa (Tamm and Truve, 2000)
and is larger than that of polero-(22–23 kDa) and
necroviruses (29–30 kDa), but smaller than that of
tombusviruses (41 kDa). Sobemovirus coat proteins are
most similar to those of the genus Necrovirus within the
family Tombusviridae and more distantly related to the other
genera of this family, as well as to the genera Tymovirus and
Marafivirus (Tamm and Truve, 2000), in between which
PnMV is classified (Martelli et al., 2002).
The virion structure of PnLV with 34 nm in diameter
(Fig. 1e) is slightly larger than that of sobemoviruses
which usually possess icosahedral 30 nm particles with T3
symmetry (Bhuvaneshwari et al., 1995) presumably
resulting from a 36-aa prolongation of its coat protein C-
terminus in comparison, for example, with SeMV coat
protein.
The results reported here may have implications for
practical plant virology. Sobemoviruses (Hull, 1988) are
particularly stable and in some cases they are transmitted
through soil without specific vectors (reviewed in Fargette
et al., 2004; Jones et al., 2001). It is interesting to speculate
whether the re-appearance of PnLV in plant lines originally
tested to be virus-free, as during the last 8 years under
quarantine conditions, is due to soil and water transmission.
Moreover, the repeated re-occurrence of PnLV followed by
PnMV should encourage experiments about a possible
genetic interaction of both viruses.Methods
Plants and viruses
Poinsettia (Euphorbia pulcherrima Willd. ex Klotsch cv.
FAngelika_) plants were cultivated in a safety glasshouse
(according to German gene technology regulation S2) as
described (Bradel et al., 2000b) in order to prevent
contamination with virus vectors and viruses.
Three lines of plant material, kindly provided by Prof.
Dr. Walter Preil, Ahrensburg, (Preil, 1994a, 1994b; Preil et
al., 1982) were propagated vegetatively:
(a) line R14: free-branching commercial source plants
infected with phytoplasmas (Bradel et al., 2000a),
Poinsettia mosaic virus (PnMV) (Bradel et al., 2000b),
and Poinsettia latent virus (PnLV) (this study);
(b) line P6: restricted-branching, phytoplasma-free plants
derived from somatic embryogenesis meant to obtain
virus-free material (Preil et al., 1982) which, however,
contained PnMV as well as PnLV (this study);
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originally virus-free plants derived from somatic
embryogenesis as above, that contained either PnMV
and PnLV, or PnLV alone in individual plants after
years of vegetative propagation as shown by Western
blotting and reverse transcription polymerase chain
reaction (RT-PCR). P5 plants were repeatedly checked
by RT-PCR over a period of 2 years in order to obtain
samples which were infected with PnLV alone. These
plants were used to clone PnLV RNA as described
below.
Purification and characterisation of viruses
Virions were purified from poinsettia R14 or P5 plants
selected for the presence of PnLV using differential and
sucrose gradient centrifugation as originally described by
Lesemann et al. (1983) and modified by Bradel et al.
(2000b). Aliquots of the gradient fractions were supplied
with SDS to 1% and heated for 10 min at 65 -C for nucleic
acid or 100 -C for protein analysis and separated on non-
denaturating 1% agarose gels in TBE (Sambrook and
Russell, 2001) or by discontinuous sodium dodecyl sulphate
polyacrylamide (12%) gel electrophoresis (SDS PAGE)
according to Laemmli (1970), respectively. Gels were
stained either with ethidium bromide for nucleic acids, or
with Serva-Violet 17 (SERVA Electrophoresis, Heidelberg)
or silver for proteins (Sambrook and Russell, 2001) after
electrophoresis. The following size markers were used: For
agarose gels, k-DNA EcoRI/HindIII-digested (MBI Fer-
mentas), High Range RNA Ladder (PeqLab Biotechnolo-
gy), DIG-labeled RNA molecular weight marker I (Roche,
Penzberg), GeneRuler 100 bp DNA Ladder Plus (MBI
Fermentas); for SDS PAGE, Electrophoresis Calibration Kit
for low molecular weight proteins (Pharmacia, Piscataway).
Western blots were prepared as described (Bradel et al.,
2000b) using antibodies kindly provided by Prof. Dr. Renate
Koenig (Federal Biological Research Centre for Agriculture
and Forestry, Braunschweig, Germany) which were directed
against PnMV (with a minor cross-reaction against PnLV)
or against PnLV [originally named Poinsettia cryptic virus
(Koenig and Lesemann, 1980)].
Electron microscopy
Virus-containing fractions from sucrose gradients were
pooled, dialyzed against 30 mM sodium phosphate (pH
7.3), attached to hydrophilized carbon-coated formvar-
filmed grids, washed with running drops of water, stained
with 1% uranyl acetate/250 Ag/ml bacitracin for 30 s, and
drained by attaching filter paper. Grids with mounted
catalase crystals (Electron Microscopy Sciences, Mu¨nchen)
were used to calibrate distances.
For antibody decoration according to Milne and Lese-
mann (1984), particles were attached to films as above,
washed with phosphate buffer, incubated with rabbit a-PnMVantibodies (124/25.06.80; T.1024, kindly provided by
R. Koenig as above) diluted 1:1000, washed with phosphate
buffer and water and stained with uranyl acetate as above.
RNA analysis
Total RNA for Northern blots was prepared from plant
material frozen in liquid nitrogen and extracted using
peqGold RNA Purei (PEQLAB-Biotechnologie GmbH,
Erlangen), a guanidinium isothiocyanate/phenol-based pro-
cedure. For cloning, RNA from virions was prepared from
sucrose gradient fractions after dialysis and centrifugal
concentration via ultrafiltration (Centricon 100 YM; Ami-
con, Witten) by protease digestion (50 Ag/ml proteinase K in
20 mM EDTA, pH 8.0, 0.1 mM DTT, 0.1% SDS for 15 min
at 45 -C), and phenol/chloroform extraction. RNAs were
precipitated by isopropanol, washed with 70% ethanol and
resuspended in dimethyldicarbonate(DMDC)-treated water
and stored at 80 -C before further use.
For Northern blots, RNA was denatured in the presence
of formaldehyde and formamide for 15 min at 65 -C and run
on 1.5% agarose/formaldehyde/MOPS gels according to
Sambrook and Russell (2001). Gels were incubated in 50
mM NaOH for 20 min, washed in water, and RNA was
transferred to nylon membranes in 20 SSC (Sambrook and
Russell, 2001). Two hybridization probes were used, either
(a) detecting PnLV sequences within the coat protein gene
(nts. 3581–3950) and prepared from RT-PCR amplified
virus RNA using primers #19 and #20 (Table 1) or (b)
detecting coat protein gene and 3V untranslated regions (nts.
3784–4270) and prepared by PCR from cloned plasmids
using primers #18 and #23. Both were random-primed
labeled by use of the DIG-High Prime Kit (Roche,
Mannheim). Virus-specific bands were detected by chem-
iluminescence using DIG detection kit (Roche, Mannheim)
and X-ray films.
Protein extraction and sequencing
PnLV coat protein from purified virion samples obtained
from R14 plants was separated on SDS PAGE, stained with
Coomassie Brilliant Blue R 250, excised from the gel, and
sequenced commercially (TopLab, Gesellschaft fu¨r ange-
wandte Biotechnologie GmbH, Martinsried). Since the N-
terminus was blocked, trypsin-digested internal fragments
were purified by capillary high-pressure liquid chromatog-
raphy (HPLC) and sequenced.
Cloning of viral cDNA and sequence analysis
Having identified a tryptic peptide of PnLV coat protein
(VVTAPVSSAALIR), degenerate primer #5 (Table 1) was
deduced and used in combination with a universal primer
mix #24 of SMART RACE cDNA Amplification kit
(Clontech, Palo Alto) in an RT-PCR on purified viral
RNA (5 cycles: 30 s at 94 -C, 3 min at 72 -C; 5 cycles: 30 s
Table 1
Primers used for cloning and diagnosis of PnLV RNA
# Name Sequence (5V > 3V)
Virus-specific primers
1 MadS93_3V ACTCAGATCTAGCTTTATCTGACGG
2 MadS93for AGGCTGGAATGTTTCCTGGCAAGG
3 MadS11for CCTGCAATCGAAGAGACCTTAGTTC
4 MadS11rev AACCTTGCCAGGAAACATTCCAGC
5 MadS3 GCNGCNWSNWSNACNGGNGCNGT
6 MadS79-5V TCCCGTGCCTCCCGGTTATCTGG
7 MadS40for AGGGTTTTCCCAGTCACGACGTT
8 MadS40rev GAGCGGATAACAATTTCACACAGG
9 JOP_5Vend CCGAACCTGGTAACAAAAGA
10 JOP02_rev CAACCGCTTGATGAAGTGAATCG
11 JOP03_rev GTACATTTCTGAACGTGTCTGGACCTC
12 JOP06_rev GCCATAATATCTCTGAGCGTAATCT
13 JOP07_for GGACTCACCTCCCCAGATTT
14 JOP08_rev CTTTCGAATTCTTCCGCTTC
15 JOP09_for TTGTGACAGCTCCTGTTTCG
16 JOP10_rev GCAATGTTCCGGTTGTCCG
17 PnLVseqP70_rev CGCTTACAGATCCAAACGAT
18 JOP12_for CAGTGTTCGAGCCAGCA
19 JOP13_for TGAACAAACAAGCCAGGACA
20 JOP14_rev TATACCAGACGGCACGAACG
21 KOP4078_for GGCTGGTAGTGAGGGCATTA
22 KOP4251_for CTCCTGCTCGTGCCTTTATC
23 KOP4268_rev GATAAAGGCACGAGCAGGAG
Commercial primers
24 SMARToligo AAGCAGTGGTATCAACGCAGAGTACGCGGG
25 NUP A AAGCAGTGGTATCAACGCAGAGT
26 AP GGCCACGCGTCGACTAGTACTTTTTTTTTTTTTTTTT
27 UAP CUACUACUACUAGGCCACGCGTCGACTAGTAC
28 AUAP GGCCACGCGTCGACTAGTAC
29 pGEM-T univ. CGCCAGGGTTTTCCCAGTCACGAC
30 pGEM-T-rev. AGCGGATAACAATTTCACACAGGA
31 UPM1/UPM2 CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAG
CTAATACGACTCACTATAGGGC
Arbitrary primers
32 T3-Primer ATTAACCCTCACTAAAGGGA
33 T7-Primer TAATACGACTCACTATAGAA
34 BCTVir 1 TACGAATTCTTATAAGTACATATACATGT
35 Si HoyvA CPI ATGCCTAAGCGCGATCTCCC
36 GUS Xba 5V ATCTCTAGAAAGGAGATATAACAATGTTACGTCCTGTAGAAAC
37 IMP 3- GTAGAATTCGAGCTCATGTCACTGAGACCCAACGCTAAG
38 BCTV C1 M2 GTAGAGCTCCTATCAGGTCCTGGATTGCATAA
39 PBL1 V 2040 GCCTCTGCAGCARTGRTCKATCTTCATACA
40 F 107 e ATCAAGCTTGCTTGTAAGTAACCGCGTAAG
41 ICMV for TGCATCTCTGATGTCACTCGTGGAGTT
42 DsRed2-Ascl-rev GTAGGCGCGCCCAGGAACAGGTGGTGGCGG
43 BCTV C4/2660 ACTGAGCTCTTACAATTGTGTCTCCGTCCTTG
44 CR-HindIII CAAGTCAAGCTTAGACACTCAACTAGAGAC
M. aus dem Siepen et al. / Virology 336 (2005) 240–250248at 94 -C, 30 s at 70 -C, 3 min at 72 -C; 24 cycles: 30 s at
94 -C, 30 s at 68 -C, 3 min at 72 -C). The resulting blunt-
ended fragments were cloned into the EcoRV site of plasmid
pBluescript SK (Stratagene, La Jolla) after Klenow enzyme
and polynucleotide kinase treatment (Sambrook and Rus-
sell, 2001) or directly into plasmid pGEM-T (Promega),
transformed into E. coli JM 83, and recombinant plasmids
were semi-automatically sequenced (Li-Cor 4000L, MWG
Biotech, Ebersberg).Although all primers found unexpected, arbitrary posi-
tions within the PnLV RNA, the PCR yielded the first
internal cDNA information of PnLV. Most of the remaining
PnLV sequences were determined with a walking strategy
developed by Koenig et al. (2004) using two nested virus-
specific primers (primers #1–23) in combination with an
arbitrary primer chosen from the laboratory collection
which had been designed for other purposes (primers
#32–44). If the RT-PCR products of the two virus-specific,
M. aus dem Siepen et al. / Virology 336 (2005) 240–250 249nested primers showed the expected difference in length,
the fragments were cloned and sequenced as described
above. Ambiguities within the new sequences were checked
by direct RT-PCR using various combinations of primers
#1–23. To sequence the 5V end of genomic PnLV RNA, we
used the knowledge about the putative subgenomic RNA
sequence whose 5V end is usually identical to the 5V end of
genomic RNA in poleroviruses and designed primer #9.
RT-PCR with primers #9 and #12 revealed the complete 5V
end sequence as determined by direct RNA sequencing as
described below. To obtain the sequence of the 3V end, viral
RNA was in vitro polyadenylated using polyA polymerase
(Invitrogen), and the product was processed for rapid
amplification of 3V cDNA ends (3V RACE kit; Invitrogen)
using virus-specific primer #21 and commercial primers
#26 and #28. The complete sequence of PnLV (deposited
into EMBL database, accession number AJ867490) was
determined in this way in both orientations and at least
twice.
Direct RNA sequencing
The 5V end of PnLV RNA was sequenced according to
Lowe and Eddy (1999) with the following modifications.
Primer extensions were carried out in 5 Al reactions
containing 0.8 Ag RNA of sucrose gradient purified virions,
0.5 pmol DY781-labeled primer #17, 4 mM Tris–HCl (pH
8.4), 10 mM KCl, 0.5 mM MgCl2, 2 mM DTT, dNTPs and
ddNTPs in varying concentrations as specified below, and
MMLV-derived superscript II reverse transcriptase (80 U per
reaction) at 50 -C for 60 min. To obtain readable sequencing
reactions, four samples were prepared with reduced dNTPs
as follows: (1) 600 AM ddATP, 5 AM dATP, and 50 AM of
each dCTP, dGTP, dTTP; (2) 600 AM ddCTP, 5 AM dCTP,
and 50 AM of each dATP, dGTP, dTTP; (3) 600 AM ddGTP,
5 AM dGTP, and 50 AM of each dATP, dCTP, dTTP; (4) 600
AM ddTTP, 5 AM dTTP, and 50 AM of each dATP, dCTP,
dGTP. For comparison, plasmid DNA of the clone #27
which harbors the putative 5V end of the PnLV sequence was
run in parallel using the standard sequencing reaction with
the same primer.
Virtual virology
To evaluate particle dimensions or sequences, the
following software programs were used: SigmaScanPro
(Jandel Scientific, Erkrath), MicrosoftExcel (Microsoft),
DNASIS (Hitachi Software Engineering Co), VectorNTI
Suite 5.5 (InforMax), Mfold (Mathews et al., 1999; Zuker,
2003) (http://www.bioinfo.rpi.edu/applications/mfold/),
Clustal X 1.83 (Chenna et al., 2003), TOPALi (Husmeier
and McGuire, 2003; Milne et al., 2004), NCBI-Blast (http://
www.ncbi.nlm.nih.gov/BLAST/), Image Analysis (LI-
COR). The following sequences were extracted from data
bases for comparison: Beet mild yellowing virus (BMYV,
NC_003491), Sesbania mosaic virus (SeMV, NC_002568),Tobacco necrosis virus (TNV D, D00942), Maize necrotic
streak virus (MNeSV, AF266518).Acknowledgments
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